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©  Low  temperature  method  and  apparatus  for  making  optical  fibers. 

A  glass  optical  waveguide  preform  is  formed  by  chemic- 
al  reaction  of  gaseous  and/or  vapourised  ingredients  (A  and 
B)  within  a  glass  substrate  tube  (52).  A  reactant  feed  tube  (50) 
extends  Into  a  first  end  of  the  substrate  tube  (52).  One  of  the 
reactants  (A)  flows  through  the  feed  tube  (50),  and  another 
(B)  flows  through  the  annular  channel  between  the  feed  (50) 
and  substrate  (52)  tubes.  The  reactants  (A  and  B)  combine 
just  downstream  of  the  end  of  the  feed  tube  (54)  and  react  to 
form  particulate  material,  of  which  at  least  a  portion  is 
deposited  on  the  substrate  tube  (52).  The  output  end  of  the 
feed  tube  (50)  traverses  (58,  60)  the  substrate  tube  (52)  so 
that  the  region  of  maximum  soot  deposition  moves  along 
the  length  of  the  substrate  tube.  A  hot  zone  (54,  56)  traverses 
(18a',  18b')  the  substrate  tube  (52)  in  synchrony  (58)  with  the 
feed  tube  (50)  to  sinter  the  deposited  soot. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  low  t e m p e r a t u r e   m e t h o d  

and  a p p a r t u s   f o r   m a k i n g   o p t i c a l   f i b e r s ,   and  m o r e  

p a r t i c u l a r l y   to   s u c h   a  m e t h o d   and  a p p a r a t u s   w h i c h   a r e  

u s e f u l   in   t h e   m a n u f a c t u r e   of  low  l o s s   o p t i c a l   w a v e -  

g u i d e   f i b r e s   c a p a b l e   of  p r o p a g a t i n g   e n e r g y   in  t h e  

i n f r a r e d   r e g i o n   of  t h e   s p e c t r u m .  

The  o v e r l o a d e d   c o n d i t i o n   of  c o m m u n i c a t i o n   s y s t e m s  

in  t h e   1 9 6 0 ' s   m o t i v a t e d   a  s e a r c h   f o r   h i g h e r   c a p a c i t y  

t r a n s m i s s i o n   m e d i a .   A l t h o u g h   g l a s s   o p t i c a l   f i b e r s   w e r e  

known,   t h e i r   a t t e n u a t i o n   was  t oo   h i g h   f o r   u s e   in   s u c h  

s y s t e m s .   I m p r o v e d   p r o c e s s i n g   t e c h n i q u e s   s u c h   as  t h a t  

d i s c l o s e d   in  U . S .   P a t e n t   No.  3 , 7 1 1 , 2 6 2   h a v e   r e s u l t e d  

in  o p t i c a l   w a v e g u i d e   f i b e r s   h a v i n g   a t t e n u a t i o n   l e v e l s  

s u f f i c i e n t l y   low  t h a t   t h e y   a r e   now  w i d e l y   u s e d   i n  

t e l e c o m m u n i c a t i o n   s y s t e m s .   Such  p r o g r e s s   has   b e e n  

made  in  s i l i c a - b a s e d   f i b e r s   t h a t   f i b e r s   of  t h i s   t y p e  

have   been   p r o d u c e d   h a v i n g   a t t e n u a t i o n s   l e s s   t h a n  

0 .5   dB/km  a t   1 . 5 5   pm.  I t   has   been   r e p o r t e d   t h a t   t h e  

u l t i m a t e   l o s s   f o r   s i l i c a   g l a s s   f i b e r s   m i g h t   be  0 . 1 8  

dB/km,   w h i c h   i s   l i m i t e d   by  i n t r i n s i c   l o s s   due   t o  

i n f r a r e d   a b s o r p t i o n   b a n d s   and  R a y l e i g h   s c a t t e r i n g .  

In  o r d e r   to   a c h i e v e   even   l o w e r   l o s s   t r a n s m i s s i o n ,  

m a t e r i a l s   c a p a b l e   of  t r a n s m i s s i o n   in  t h e   i n f r a r e d   r e g i o n  

of  t h e   s p e c t r u m   a r e   b e i n g   i n v e s t i g a t e d .   The  p u b l i c a t i o n ,  

J . R .   G a n n o n ,   " O p t i c a l   F i b e r   M a t e r i a l s   f o r   O p e r a t i n g  

W a v e l e n g t h s   L o n g e r   Than  2um",   J o u r n a l   of  N o n - C r y s t a l l i n e  

S o l i d s ,   v o l .   42  ( 1 9 8 0 ) ,   pp.   2 3 9 - 2 4 6 ,   s e t s   f o r t h   c a l c u l a t e d  

a t t e n u a t i o n   m i n i m a   f o r   a  number   of  p o t e n t i a l   m a t e r i a l s .  



I t   i s   s p e c u l a t e d   t h a t   ZnCl2  and  BeF2  s h o u l d   a c h i e v e  

a t t e n u a t i o n   m i n i m a   of  0 . 0 0 1   dB/km  a t   3 .7   and  2 .1   u m ,  
r e s p e c t i v e l y .  

U.S .   P a t e n t   No.  4 , 1 8 8 , 0 8 9   t e a c h e s   a  c h e m i c a l  

v a p o u r   d e p o s i t i o n   (CVD)  t e c h n i q u e   f o r   f o r m i n g   f i b e r s  

h a v i n g   l i g h t - c o n d u c t i n g   r e g i o n s   f o r m e d   of  s e l e c t e d  

n o n - o x i d e   c o m p o s i t i o n s .   A  c a r r i e r   gas   s u c h   a s  

c h l o r i n e   or  any  o t h e r   h a l o g e n   or   an  i n e r t   gas  s u c h   a s  

He,  Ar,   or  Kr  e n t r a i n s   v a p o u r s   of  t h e   r e a c t a n t   g a s e s .  
A l l   s u c h . v a p o u r s   a r e   p r e m i x e d   and  d e l i v e r e d   to  t h e   e n d  

of   a  s u b s t r a t e   t u b e   t h r o u g h   w h i c h  t h e y  f l o w   u n r e a c t e d  

u n t i l   t h e y   r e a c h   t h e   m o v i n g   h o t   z o n e .   Upon  r e a c h i n g   t h e  

r e g i o n   of  e l e v a t e d   t e m p e r a t u r e ,   a  r e a c t i o n   t a k e s   p l a c e  

w h i c h   c a u s e s   a  v i t r e o u s   l a y e r   to   be  d e p o s i t e d   w i t h i n   t h e  

s u b s t r a t e   t u b e .   T h i s   l a y e r   i s   c o m p o s e d   p r e d o m i n a n t l y   o f  

a n i o n s   S,  Se  a n d / o r   Te.  C a t i o n s   a r e   Ge,  S i ,   P,  B,  A s ,  

Sb  a n d / o r   T i .   The  l i g h t   t r a n s m i t t i n g   c o r e   of  t h e  

r e s u l t i n g   o p t i c a l   w a v e g u i d e   f i b e r   c a n n o t   i n c l u d e   c e r t a i n  

e l e m e n t s   s u c h   as  b e r y l l i u m ,   z i n c ,   a l u m i n i u m   and  l e a d  

w h i c h   do  n o t   f o r m   v o l a t i l e   h a l i d e s .  

F l u o r i d e   g l a s s   f i b e r s   f o r m e d   by  a  c o n v e n t i o n a l  

r o d   d r a w i n g   t e c h n i q u e   a r e   d i s c l o s e d   in  t h e   p u b l i c a t i o n ,  

S.  H i t a c h i   e t   a l . ,   " F l u o r i d e   G l a s s   F i b e r   f o r   I n f r a r e d  

T r a n s m i s s i o n " ,   J a p a n e s e   J o u r n a l   of   A p p l i e d   P h y s i c s ,  

V o l .   19,  N o .  6 ,   J u n e ,   1 9 8 0 ,   pp .   L 3 1 3 - L 3 1 4 .   M i x t u r e s  

of   GdF3,   BaF2  and  ZrF4  w e r e   m e l t e d   a t   800°C  in   a  g o l d  

c r u c i b l e ,   and  g l a s s   r o d s   w e r e   p r e p a r e d   by  p o u r i n g  

t h e   m e l t s   i n t o   b r a s s   m o u l d s .   The  g l a s s   r o d s   w e r e  

d r a w n   i n t o   f i b e r s   by  a  c o n v e n t i o n a l   f i b e r   f a b r i c a t i o n  

t e c h n i q u e .   L o s s e s   as  low  as  480  dB/km  were   m e a s u r e d  

a t   3 . 3 9   pm  f o r   f i b e r s   s e v e r a l   m e t e r s   l o n g .  

U.S.   P a t e n t   No.  4 , 1 8 9 , 2 0 8   t e a c h e s   a  m e t h o d   o f  

f o r m i n g   an  o p t i c a l   f i b e r   h a v i n g   a  c o r e   of  ZnCl2  b y  

d r a w i n g   t h e   f i b e r   f rom  a  m e l t .   B e c a u s e   of  t h e  

i m p u r i t i e s   w h i c h   a r e   i n t r o d u c e d   i n t o   t h e   f i b e r   b y  



f o r m i n g   i t   in  t h i s   m a n n e r ,   t h i s   t e c h n i q u e   has  n o t   b e e n  

c a p a b l e   of  p r o v i d i n g   f i b e r s   h a v i n g   l o s s e s   as  low  a s  

t h o s e   w h i c h   a r e   f o r m e d   by  v a p o u r   d e p o s i t i o n   t e c h n i q u e s .  

U .S .   P a t e n t   No.  3 , 7 2 2 , 9 8 1   t e a c h e s   a  m e t h o d   o f  

d r a w i n g   l o w - m e l t i n g   f l u o r i d e   g l a s s e s   f r o m   a  m e l t .  

A l t h o u g h   i t   is   e s t i m a t e d   t h a t   t h e   R a y l e i g h   s c a t t e r i n g  

l o s s   of  s u c h   f i b e r s   i s   a b o u t   1  d B / k m ,   t h e   i m p u r i t y  

a b s o r p t i o n   l o s s e s   of  f i b e r s   f o r m e d   by  t h i s   t e c h n i q u e  

a r e   u n a c c e p t e d l y   h i g h .   I t   is   s t a t e d   in   t h e   p u b l i c a t i o n  

Y,  O h i s h i .   e t   a l . , : . " I m p u r i t y   A b s o r p t i o n   Loss   due  to  R a r e  

E a r t h   E l e m e n t s   in   a  F l u o r i d e   G l a s s " ,   J a p a n e s e   J o u r n a l  

of  A p p l i e d   P h y s i c s ,   v o l .   20,   N o .  3 ,   M a r c h ,   1981 ,   p p .  

L 1 9 1 - L 1 9 3 ,   t h a t   r a r e   e a r c h   i m p u r i t y   c o n c e n t r a t i o n   i n  

f l u o r i d e   o p t i c a l   f i b e r s   s h o u l d   be  d e c r e a s e d   t o  

l e s s   t h a n   0 .1   ppbw  in  o r d e r   to   make  t h e   a b s o r p t i o n  

l o s s   0 . 0 0 1   dB/km  in  t h e   3-4  pm  w a v e l e n g t h   r a n g e .  
We  have   t h e r e f o r e   s o u g h t   to   p r o v i d e   a  m e t h o d  

and  a p p a r a t u s   f o r   f o r m i n g   by  a  v a p o u r   d e p o s i t i o n  

p r o c e s s   o p t i c a l   w a v e g u i d e   f i b e r s   w h i c h   a r e   s u i t a b l e  

f o r   t r a n s m i t t i n g   e n e r g y   in  t h e   i n f r a r e d   r e g i o n   of  t h e  

s p e c t r u m .  

We  have   f u r t h e r   s o u g h t   to  p r o v i d e   a  m e t h o d   a n d  

a p p a r a t u s   f o r   d e l i v e r i n g   h i g h l y   r e a c t i v e   r e a c t a n t s   t o  

t h e   d e p o s i t i o n   r e g i o n   of  a  s u b s t r a t e   t u b e .  

T h u s ,   t he   p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d  

and  a p p a r a t u s   f o r   m a n u f a c t u r i n g   a  p r e f o r m   w h i c h   i s  

i n t e n d e d   to   be  s u b s e q u e n t l y   d r a w n   i n t o  a n  o p t i c a l  

f i l a m e n t .   T h i s   m e t h o d   i s   of  t h e   t y p e   t h a t   i n c l u d e s  

t h e   s t e p s   of  f l o w i n g   v a p o u r s   of  a t   l e a s t   two  g l a s s -  

f o r m i n g   r e a c t a n t s   i n t o   a  h o l l o w ,   c y l i n d r i c a l   g l a s s  

s u b s t r a t e .   The  v a p o u r   m i x t u r e   i s   r e a c t e d   w i t h i n   t h e  

s u b s t r a t e   to  p r o d u c e   p a r t i c u l a t e   m a t e r i a l   w h i c h   t r a v e l s  

d o w n s t r e a m   w h e r e   a t   l e a s t   a  p o r t i o n   t h e r e o f   comes  t o  

r e s t   on  t h e   i n n e r   s u r f a c e   of  t h e   s u b s t r a t e   w h e r e   i t   i s  

f u s e d   to  form  a  c o n t i n u o u s   g l a s s y   d e p o s i t   on  t h e   i n n e r  



s u r f a c e   of   t h e   s u b s t r a t e .   The  i m p r o v e m e n t   of   t he   p r e s e n t  

i n v e n t i o n   c o m p r i s e s   m a i n t a i n i n g   t h e   r e a c t a n t s   s e p a r a t e  

u n t i l   t h e y   r e a c h   t h e   r e g i o n   of  t h e   s u b s t r a t e   w h e r e i n  

t h e   r e a c t i o n   p r o d u c t   i s   p r o d u c e d .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   a p p a r a t u s   of   t h e  

p r e s e n t   i n v e n t i o n   c o m p r i s e s   t u b u l a r   means   f o r   m a i n t a i n i n g  

one  r e a c t a n t   s e p a r a t e   f r o m   a n o t h e r   r e a c t a n t ,   a t   l e a s t  

one   of   t h e   r e a c t a n t s   f l o w i n g   f rom  t h e   t u b u l a r   means   i n t o  

t h e   s u b s t r a t e   t u b e .   T h i s   a p p a r a t u s   i s   e s p e c i a l l y  

a p p r o p r i a t e   f o r   p r o d u c i n g   by  e x o t h e r m i c   r e a c t i o n   in  t h e  

s u b s t r a t e   t u b e   p a r t i c u l a t e   m a t e r i a l   w h i c h   d e p o s i t s   a n d  

is   c o n s o l i d a t e d   to   f o r m   a  l a y e r   of  m e t a l   h a l i d e   g l a s s .  

V a p o r o u s ' o r   v o l a t i l e   s o u r c e s   w h i c h   p r o v i d e   t h e   c a t i o n  

and  a n i o n   of  t h e   r e s u l t i n g   m e t a l   h a l i d e   g l a s s   mus t   b e  

e m p l o y e d .   The  c a t i o n i c   v a p o u r   s o u r c e   i s   a  c o m p o u n d  

c o n t a i n i n g   t h e   c a t i o n   of   t h e   p r o d u c t   g l a s s   w h i c h   b e a r s  

an  o r g a n o m e t a l l i c   s u b s t i t u e n t   or   o t h e r   a n i o n i c  

s u b s t i t u e n t   w h i c h   r e n d e r s   t h e   c o m p o u n d   i n t o   a  v o l a t i l e  

s t a t e .   The  a n i o n i c   v a p o u r   s o u r c e   i s   a  h a l o g e n a t i n g  

a g e n t .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   w i t h   r e f e r e n c e   t o  

t h e   a c c o m p a n y i n g   d r a w i n g s   w h e r e i n : -  

F i g u r e   1  is   a  s c h e m a t i c   r e p r e s e n t a t i o n   of   a  p r i o r  

a r t   a p p a r a t u s   f o r   d e p o s i t i n g   a  g l a s s   l a y e r   w i t h i n   a  

t u b e ;  

F i g u r e   2  shows  a  s e c t i o n   of  t h e   t u b e   o f   F i g u r e   1 

d e p i c t i n g   o b s e r v e d   c o n d i t i o n s   d u r i n g   p r o c e s s i n g ;  

F i g u r e   3  is   a  s c h e m a t i c   r e p r e s e n t a t i o n   of   a n  

a p p a r a t u s   s u i t a b l e   f o r   p r a c t i c e   of  t h e   d e p o s i t i o n   p r o c e s s  
in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   4  is   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   a p p a r a t u s  

of  t h e   p r e s e n t   i n v e n t i o n   d e p i c t i n g   c o n d i t i o n s   o c c u r r i n g  

d u r i n g   p r o c e s s i n g ;  

F i g u r e s   5  and  6  show  a l t e r n a t i v e   a r r a n g e m e n t s   f o r  

f e e d i n g   r e a c t a n t s   i n t o   a  s u b s t r a t e   t u b e ;  



F i g u r e   7  shows  a  c r o s s - s e c t i o n a l   v i ew   of  a  

s u b s t r a t e   t u b e   in  w h i c h   g l a s s   l a y e r s   have   b e e n  

d e p o s i t e d ;  

F i g u r e   8  shows  a  c r o s s - s e c t i o n a l   v i e w   of  t h e  

s u b s t r a t e   t u b e   a f t e r   i t   has  been   c o l l a p s e d ;  

F i g u r e   9  is   a  g r a p h   i l l u s t r a t i n g   t h e   r e f r a c t i v e  

i n d e x   p r o f i l e   of  an  o p t i c a l   f i b e r   p r o d u c e d   in   a c c o r d a n c e  

w i t h   one  e m b o d i m e n t   of  t h i s   i n v e n t i o n ;  

F i g u r e s   10  and  11  i l l u s t r a t e   a l t e r n a t i v e  

e m b o d i m e n t s   w h e r e b y   p a r t i c u l a t e   m a t e r i a l   can   b e  

d e p o s i t e d   to   f o rm  a  p r e f o r m ;   a n d  

F i g u r e   12  shows   a  p a r t i c u l a t e   m a t e r i a l   g e n e r a t o r  

t h a t   can  be  e m p l o y e d   in   t h e   a p p a r a t u s   of  F i g u r e s   1 0  

and  1 1 .  

F i g u r e s   1  a n d   2  show  a  p r i o r   a r t   s y s t e m   c o m p r i s i n g  

a  s u b s t r a t e   t u b e   10  h a v i n g   a  h a n d l e   t u b e   8  a f f i x e d  

to  t h e   u p s t r e a m   end  t h e r e o f   and  e x h a u s t   t u b e   12  a f f i x e d  

to  t h e   d o w n s t r e a m   end  t h e r e o f .   T u b e s   8  and  12  a r e  

c h u c k e d   in  a  c o n v e n t i o n a l   g l a s s - t u r n i n g   l a t h e   ( n o t  

s h o w n ) ,   and  t h e   c o m b i n a t i o n   i s   r o t a t e d   as  i n d i c a t e d  

by  t h e   a r r o w .   The  h a n d l e   t u b e ,   w h i c h   may  be  o m i t t e d ,  

i s   an  i n e x p e n s i v e   g l a s s   t u b e   h a v i n g   t he   s a m e  
d i a m e t e r   as  t h e   s u b s t r a t e   t u b e ,   and  i t   d o e s   n o t   f o r m  

a  p a r t   of  t h e   r e s u l t i n g   o p t i c a l   w a v e g u i d e .   A  h o t  

zone   14  i s   c a u s e d   to   t r a v e r s e   t u b e   10  by  m o v i n g   h e a t i n g  

means   16  a s  s c h e m a t i c a l l y   d e p i c t e d   by  a r r o w s   18a  a n d  

18b.   H e a t i n g   means   16  can  c o n s i s t   of  any  s u i t a b l e  

s o u r c e   of  h e a t   s u c h   as  a  p l u r a l i t y   of  b u r n e r s  

e n c i r c l i n g   t u b e   1 0 .  

R e a c t a n t s   a r e   i n t r o d u c e d   i n t o   t u b e   10  v i a   i n l e t  

t u b e   20,  w h i c h   is  c o n n e c t e d   to  a  p l u r a l i t y   of   s o r u c e s  

of  g a s e s   and  v a p o u r s .   Flow  c o n t r o l   v a l v e s   a r e  

r e p r e s e n t e d   by  a  c i r c l e   h a v i n g   t h e   l e t t e r   "V"  t h e r e i n .  

A  s o u r c e   22  of  c a r r i e r   gas  is   c o n n e c t e d   by  v a l v e s   26  a n d  

28  to  r e s e r v o i r s   32  and  34,  r e s p e c t i v e l y .   The  c a r r i e r  



gas  may  be  any  gas   w h i c h   i s   c o m p a t i b l e   w i t h   t h e  

r e a c t a n t s   and  w i t h   t h e   r e a c t i o n   t a k i n g   p l a c e   in  t u b e  

10,  s u c h   as  o x y g e n ,   c h l o r i n e ,   h e l i u m ,   a r g o n ,   n i t r o g e n  
and  k r y p t o n .   R e s e r v o i r s   32  and  34  u s u a l l y   c o n t a i n  

n o r m a l l y   l i q u i d   r e a c t a n t   m a t e r i a l s   w h i c h   a r e   i n t r o d u c e d  

i n t o . t u b e   10  by  b u b b l i n g   t h e   c a r r i e r   gas   t h e r e t h r o u g h .  

G a s e o u s   s o u r c e   36  is   c o n n e c t e d   by  v a l v e   30  to   i n l e t  

t u b e   20.  E x i t i n g   m a t e r i a l   is  e x h a u s t e d   t h r o u g h   e x h a u s t  

t u b e   1 2 . .   Not   shown  i s   an  a r r a n g e m e n t   of   m i x i n g   v a l v e s ,  

s h u t o f f   v a l v e s   and  s y s t e m   c o n t r o l l e r   w h i c h   may  b e  

u t i l i z e d  t o   m e t e r   f l o w s   and  to   make  o t h e r   n e c e s s a r y  

a d j u s t m e n t s   in   c o m p o s i t i o n .  

B u r n e r   16  i n i t i a l l y   moves   a t   a  low  r a t e   of   s p e e d  

r e l a t i v e   to   t u b e   10  in   t h e   d i r e c t i o n   of   a r r o w   18b ,   t h e  

same  d i r e c t i o n   as  t h e   r e a c t a n t   f l o w .   A l t h o u g h   t h e  

r e a c t a n t s   a r e   p r e m i x e d ,   t h e y   do  n o t   r e a c t   u n t i l   t h e y  

r e a c h   t h e   h o t   z o n e   14.  The  r e a c t i o n   p r o d u c e s   a  p o w d e r y  

s u s p e n s i o n   of  p a r t i c u l a t e   m a t e r i a l ,   o f t e n   r e f e r r e d  

to  as  " s o o t " ,   w h i c h   i s   c a r r i e d   d o w n s t r e a m   to  r e g i o n  

42  of  t u b e   10  by  m o v i n g   g a s .   As  b u r n e r   16  moves  i n  

t h e   d i r e c t i o n   of   a r r o w   18b ,   h o t   zone   14  moves  d o w n s t r e a m  

so  t h a t   a  p a r t   of  s o o t   b u i l d u p   44  e x t e n d s   i n t o   t h e   h o t  

zone   and  i s   c o n s o l i d a t e d   t h e r e b y   to   f o r m   a  u n i t a r y ,  

h o m o g e n e o u s   g l a s s y   l a y e r   4 8 .  

When  t h e   b u r n e r   16  r e a c h e s   t h e   end   of   t h e   t u b e  

10  a d j a c e n t   to   t h e   e x h a u s t   t u b e   12,   t h e   t e m p e r a t u r e  

of  t h e   f l a m e   i s   r e d u c e d   and  t h e   b u r n e r   r e t u r n s   a t   a  
f a s t e r   r a t e   in   t h e   d i r e c t i o n   of  a r r o w   18a  to  t h e   i n p u t  

end  of  t h e   t u b e   10.  T h e r e a f t e r ,   a d d i t i o n a l   l a y e r s   o f  

g l a s s y   m a t e r i a l   a r e   d e p o s i t e d   w i t h i n   t u b e   10  in  t h e  

m a n n e r   j u s t   d e s c r i b e d .   A f t e r   s u i t a b l e   l a y e r s   h a v e  

been   d e p o s i t e d   to   s e r v e   as  t h e   c l a d d i n g ,   b a r r i e r   l a y e r  

a n d / o r   c o r e   m a t e r i a l   of   t h e   r e s u l t i n g   o p t i c a l   w a v e g u i d e  



f i b e r ,   t h e   t e m p e r a t u r e   of  t h e   g l a s s   i s   i n c r e a s e d   to  c a u s e  

t h e   t u b e   10  to   c o l l a p s e .   T h i s   can  be  a c c o m p l i s h e d   b y  

r e d u c i n g   t h e   r a t e   of  t r a v e r s e   of  t he   h o t   z o n e .  

In  t h e   d e p o s i t i o n   of  o x i d e   g l a s s e s ,   w h i c h   a r e  

t y p i c a l l y   d o p e d   s i l i c a s ,   b o t h   t he   o x i d a t i o n   of  t h e  

m e t a l   h a l i d e   v a p o u r s   and  t h e   s i n t e r i n g   of  t h e   o x i d e  

s o o t   o n l y   o c c u r   a t   an  a p p r e c i a b l e   r a t e   a t   t e m p e r a t u r e s  

a b o v e   1 2 0 0 ° C .   As  a  r e s u l t ,   p u r e   s i l i c a   or  a  h i g h  

s i l i c a   c o n t e n t   g l a s s   s u b s t r a t e   t u b e   is   r e q u i r e d   t o  

c o n t a i n   t h e   p r o c e s s   w i t h o u t   b e c o m i n g   b a d l y   d e f o r m e d .  

A  c o n s e q u e n c e   of  t h e   u s e   of  a  r e f r a c t o r y   t u b e ,   h o w e v e r ,  

is   t h e   n e e d   f o r   even   h i g h e r   t e m p e r a t u r e s   in  t h e   r a n g e  

of  1900°C   and  above   to  a c c o m p l i s h   t h e   t u b e   c o l l a p s e   a n d  

f i b e r   d r a w   s t e p s .  

The  n e e d   f o r   h i g h   t e m p e r a t u r e   in  a l l   p h a s e s   of  t h i s  

p r i o r   a r t   p r o c e s s   r e s u l t s   in   s e v e r a l   d i s a d v a n t a g e s .   T h e  

r e f r a c t o r y   g l a s s   s u s b s t r a t e   t u b e s   w h i c h   a r e   r e q u i r e d   i n  

t h i s   p r o c e s s   a r e   c o s t l y   and  a r e   d i f f i c u l t   to   m a n u f a c t u r e  

w i t h   c l o s e   g e o m e t r i c   t o l e r a n c e s   and  h i g h   g l a s s   q u a l i t y .  

The  f u r n a c e s   c a p a b l e   of  a c h i e v i n g   2000°C  f o r   t h e   f i b r e  

d r a w i n g   s t e p   a r e   g e n e r a l l y   e x p e n s i v e ,   d i f f i c u l t   t o  

c o n t r o l ,   and  have   r e l a t i v e l y   s h o r t   r e f r a c t o r y   m u f f l e /  

h e a t i n g   e l e m e n t   l i f e - t i m e s .   In  g e n e r a l ,   t h i s   h i g h  

t e m p e r a t u r e   p r o c e s s   i s   c o s t l y   f rom  an  e n e r g y   c o n s u m p t i o n  

s t a n d p o i n t   and  r e q u i r e s   c o m p l e x   e q u i p m e n t   and  p r o c e d u r e s .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   a t   l e a s t  

two  r e a c t a n t s ,   r e f e r r e d   to   h e r e i n   as  r e a c t a n t   A  a n d  

r e a c t a n t   B,  a r e   k e p t   s e p a r a t e d   u n t i l   t h e y   r e a c h   t h e  

d e s i r e d   r e a c t i o n   zone   in  t h e   s u b s t r a t e   t u b e .   E a c h  

of  r e a c t a n t s   A  and  B  c o m p r i s e s   one  or  more   c o m p o u n d s  

w h i c h   do  n o t   r e a c t   d e t r i m e n t a l l y   among  t h e m s e l v e s .  

H o w e v e r ,   when  r e a c t a n t s   A  and  B  a re   m i x e d ,   t h e y   b e g i n  

s p o n t a n e o u s l y   to  r e a c t   a t   a m b i e n t   t e m p e r a t u r e   to   f o r m  

a  m e t a l   h a l i d e   g l a s s   m a t e r i a l   in  p a r t i c u l a t e   fo rm  a n d  

g a s e o u s   b y - p r o d u c t s .   As  shown  in  F i g u r e   3,  r e a c t a n t   A 



f l o w s   t h r o u g h   a  t u b e   50  w h i c h   is  s i t u a t e d   on  t h e  

a x i s   of  s u b s t r a t e   t u b e   52.  R e a c t a n t   B  i s   f e d   i n t o  

s u b s t r a t e   t u b e   52  and  f l o w s   t h r o u g h   t h e   a n n u l a r   c h a n n e l  

f o r m e d   b e t w e e n   t u b e s   50  and  52.   In  t h e   i l l u s t r a t e d  

e m b o d i m e n t   t h e   r e a c t i o n   zone   w h e r e   r e a c t a n t s   A  and  B 

a r e   c o m b i n e d   i s   t h e   h o t   zone   54  c r e a t e d   by  h e a t   s o u r c e  

56.   T h u s ,   t h a t   p o r t i o n   of  t u b e   50  w i t h i n   s u b s t r a t e  

t u b e   52  t e r m i n a t e s   j u s t   p r i o r   to  t h e   h o t   z o n e .   E v e n  

t h o u g h   t h e   r e a c t i o n   may  be  e x o t h e r m i c   and  r e q u i r e  

l i t t l e   or  no  h e a t   f o r   c o m p l e t e   r e a c t i o n   to   o c c u r ,  

h e a t   s o u r c e   56  s h o u l d   be  e m p l o y e d   f o r   t h e   p u r p o s e  

of  c o n s o l i d a t i n g   t h e   d e p o s i t   of   p a r t i c u l a t e   m a t e r i a l  

on  t h e   i n n e r   s u r f a c e   of  t u b e   52.  B u r n e r   56  w o u l d   n o t  

be  n e e d e d   i f   one  or  o n l y   a  f e w  l a y e r s   of   p a r t i c u l a t e  

m a t e r i a l   w e r e   d e p o s i t e d   and  w e r e   n o t   c o n s o l i d a t e d  

u n t i l   a  l a t e r   t i m e   s u c h   as  d u r i n g   t h e   f i b e r   d r a w i n g  

o p e r a t i o n .   I f   t h e   h e a t   s o u r c e   w e r e   l o c a t e d   a l o n g  

t h e   l e n g t h   of   t u b e   50,   as  i l l u s t r a t e d   a t   5 6 ' ,   i t   w o u l d  

p r e h e a t   a t   l e a s t   some  of  t h e   r e a c t a n t   v a p o u r s   as  w e l l  

as  c o n s o l i d a t e   p a r t i c u l a t e   m a t t e r   as  i t   moved  i n  

d i r e c t i o n   1 8 b ' .   B u r n e r   l o c a t i o n   56 '   w o u l d   be  u n -  

d e s i r a b l e   f o r   c e r t a i n   r e a c t a n t s   w h i c h   w o u l d   b e  

a d v e r s e l y   a f f e c t e d   by  t h e   h e a t .   I f   t h e   b u r n e r   w e r e  

l o c a t e d   a t   p o s i t i o n   5 6 " ,   i t   w o u l d   h a v e   to   be  l o c a t e d  

d o w n s t r e a m   f r o m   t h e   r e a c t i o n   zone   a  d i s t a n c e   s u f f i c i e n t l y  

g r e a t   to  e n s u r e   t h a t   t h e   t h e r m o p h o r e s i s   e f f e c t   w o u l d  

n o t   be  n e g a t e d .   L o c a t i o n   56"  may  be  t h e   m o s t   d e s i r a b l e  

b u r n e r   p o s i t i o n   f o r   a  p r o c e s s   w h i c h   u t i l i z e d   a  r e a c t a n t  

t h a t   w o u l d   be  a d v e r s e l y   a f f e c t e d   by  t h e   h e a t   g e n e r a t e d  

t h e r e b y .  

The  r e a c t a n t   v a p o u r s   may  be  o b t a i n e d   f rom  v a r i o u s  

t y p e s   of  s o u r c e s .   I l l u s t r a t e d   in  F i g u r e   3  a r e  

g a s e o u s   s o u r c e   64,   l i q u i d   s o u r c e   66  and   s o l i d   s o u r c e  

68.   S o u r c e   68  may  be  t h e   t y p e   t a u g h t   in   U.S .   P a t e n t  

No.  3 , 8 0 1 , 2 9 4 .   R e a c t a n t s   s u c h   as  B e ( C H 3 ) 2 ,   w h i c h   m u s t  



be  m a i n t a i n e d   a t   an  e l e v a t e d   t e m p e r a t u r e   to  g e n e r a t e  

s u f f i c i e n t   v a p o u r   p r e s s u r e ,   m u s t   be  t r a n s p o r t e d  

t h r o u g h   l i n e s   t h a t   a r e   m a i n t a i n e d   a t   an  e l e v a t e d  

t e m p e r a t u r e   to   p r e v e n t   c o n d e n s a t i o n   in  t he   l i n e s .  

I f   s u c h   a  m a t e r i a l   is   b e i n g   e m p l o y e d ,   t h e   a p p r o p r i a t e  

d e l i v e r y   l i n e s   and   t h e   s u b s t r a t e   t u b e   can  be  s i t u a t e d  

in  an  oven   r e p r e s e n t e d   by  b r o k e n   l i n e   6 9 .  - A l s o ,  

d e l i v e r y   l i n e s   can   be  i n s u l a t e d   or  h e a t e d   to   p r e v e n t  

c o n d e n s a t i o n .  

Tube  50  c o u l d   be  r e p l a c e d   by  two  or  more   t u b e s ,  

each   of  w h i c h   d e l i v e r   r e a c t a n t s   to  t he   r e a c t i o n   z o n e .  

Such  t u b e s   c o u l d   be  c o a x i a l   as  i l l u s t r a t e d   in   F i g u r e   5 

or  s i d e - b y - s i d e  a s   i l l u s t r a t e d   in  F i g u r e   6.  A l l   o f  

t h e   r e a c t a n t   v a p o u r s   c o u l d   t r a v e l   t h r o u g h   t h e   i n n e r  

t u b e s ,   as  i n d i c a t e d   by  a r r o w s   A  and  B  of  F i g u r e s   5  a n d  

6.  One  of  t h e   r e a c t a n t s   c o u l d   t r a v e l   in  t h e   r e g i o n  

b e t w e e n   t h e   i n n e r   t u b e s   and  o u t e r   t u b e   52'   as  i n d i c a t e d  

by  a r r o w   C  of  F i g u r e s   5  and  6.  I f   t h r e e   or  m o r e  

s e p a r a t e d   r e a c t a n t s   a r e   r e q u i r e d ,   t h e y   c o u l d   be  s u p p l i e d  

to  t he   r e a c t i o n   zone   t h r o u g h   t h r e e   or  more  c o a x i a l  

t u b e s   or  t h r e e   or  more  s i d e - b y - s i d e   t u b e s .  

R e f e r r i n g   to   F i g u r e   3,  t u b e   50  is  m e c h a n i c a l l y  

c o u p l e d   by  means   r e p r e s e n t e d   by  d a s h e d   l i n e   58  t o  

b u r n e r   56  to   e n s u r e   t h a t   t h e   t u b e   50  i s   c o n t i n u o u s l y  

m a i n t a i n e d   t h e   p r o p e r   f i x e d   d i s t a n c e   f rom  b u r n e r   5 6 .  

A l t e r n a t i v e l y ,   t h e   h e a t   s o u r c e   and  t h e   t u b e   50  m a y  
be  k e p t   s t a t i o n a r y ,   and  t h e   r o t a t i n g   s u b s t r a t e   t u b e  

may  be  t r a v e r s e d .   The  i n p u t   end  of  t he   t u b e   52  

is  c o n n e c t e d   to  t u b e   50  by  a  c o l l a p s i b l e   member   6 0 ,  

a  r o t a t i n g   s e a l   62  b e i n g   d i s p o s e d   b e t w e e n   member   6 0  

and  t u b e   52.  T u b e s   50  and  52  c o u l d   a l s o   be  i n t e r -  

c o n n e c t e d   by  o t h e r   t y p e s   of  s e a l s   w h i c h  a r e  k n o w n  

in  t he   a r t .   For  e x a m p l e ,   a  cap   can  be  s i t u a t e d   o v e r  

t he   end  of  t u b e   52.  Tube  50  p a s s e s   t h r o u g h   a n  

a p e r t u r e   in  t h e   c a p .   A  r o t a r y   s e a l   is   d i s p o s e d  



b e t w e e n   t u b e   50  and  t h e   c a p .  
As  shown  in   F i g u r e   4,  r e a c t a n t   v a p o u r   A 

e m a n a t i n g   f r o m   t u b e   50  r e a c t s   w i t h   r e a c t a n t   v a p o u r  
B  f l o w i n g   in  t h e   d i r e c t i o n   of  t h e   a r r o w s   b e t w e e n   t u b e s  

50  and  52,   t h e r e b y   g e n e r a t i n g   p a r t i c u l a t e   m a t e r i a l  

63  w h i c h   f l o w s   d o w n s t r e a m   w h e r e   a t   l e a s t   a  p o r t i o n  

t h e r e o f   d e p o s i t s   on  t h e   w a l l   of  t u b e   52  as  s h o w n  

a t   4 4 ' .  

The  a p p a r a t u s   of   F i g u r e s   3  and  4  i s   e s p e c i a l l y  

a p p r o p r i a t e   f o r   p r o d u c i n g   by  e x o t h e r m i c   r e a c t i o n   in   a  
s u b s t r a t e   t u b e   p a r t i c u l a t e   m a t e r i a l   w h i c h   f o r m s   a  

m e t a l   h a l i d e   g l a s s .   For   s u c h   r e a c t i o n   to   o c c u r   w i t h i n  

t h e   s u b s t r a t e   t u b e   r e q u i r e s   t h e   e m p l o y m e n t   of   v a p o r o u s  

or  v o l a t i l e   s o u r c e s   f o r   t h e   c a t i o n   and  a n i o n   of  t h e  

r e s u l t i n g   g l a s s y   p r o d u c t .   The  c a t i o n i c   v a p o u r  

s o u r c e   i s   a  c o m p o u n d   w h i c h   c o n t a i n s   t h e   c a t i o n   o f  

t h e   p r o d u c t   h a l i d e   g l a s s   and  b e a r s   an  o r g a n o m e t a l l i c  

s u b s t i t u e n t   or  s u b s t i t u e n t s   or  o t h e r   a n i o n i c  

s u b s t i t u e n t   o r  s u b s t i t u e n t s   w h i c h   r e n d e r s   t h e   c o m p o u n d  

i n t o   a  v o l a t i l e   s t a t e .   The  a n i o n i c   v a p o u r   s o u r c e   i s  

a  h a l o g e n a t i n g   a g e n t ,   i . e .   a  c o m p o u n d   h a v i n g   h a l i d e  

s u b s t i t u e n t s   w h i c h   b e c o m e   t h e   a n i o n   of  t h e   p r o d u c t  

h a l i d e   g l a s s .   A  g e n e r a l   e q u a t i o n   f o r   s u c h   r e a c t i o n   i s :  

w h e r e   in   t h e   c a t i o n i c   v a p o u r   s o u r c e :  

M  =  t h e   c a t i o n   of  t h e   d e s i r e d   r e s u l t i n g   h a l i d e  

g l a s s ,  

R  =  t h e   a n i o n   s u b s t i t u e n t   of  t h e   c a t i o n i c ,   i . e .  

t h e   o r g a n o m e t a l l i c   or  o t h e r   s u b s t i t u e n t   w h i c h  

r e n d e r s   c o m p o u n d ,   MRn1  i n t o   a  v o l a t i l e   s t a t e ,  

n1  =  t h e   n u m b e r   of  s u b s t i t u e n t s   r e q u i r e d   f o r  

e l e c t r i c a l   n e u t r a l i t y ,  



and  in  t h e   h a l o g e n a t i n g   a g e n t :  

Z  =  t h e   c a t i o n ,  

X  =  t h e   h a l i d e   of  t h e   h a l o g e n a t i n g   a g e n t   w h i c h  

is   to  become   t h e   h a l i d e   of  t h e   p r o d u c t   m e t a l  

h a l i d e   g l a s s   a n d ,  

m1  =  t he   number   of  h a l i d e s   r e q u i r e d   f o r   e l e c t r i c a l  

n e u t r a l i t y .  

The  c o m p o u n d   MXn2  is   t h e   r e s u l t i n g   m e t a l   h a l i d e   g l a s s ,  

and  ZRm 2  i s   a  g a s e o u s   b y p r o d u c t .   In  some  r e a c t i o n s  

t h e r e   may  be  a  p l u r a l i t y   of  d i f f e r e n t   c a t i o n i c   a n d / o r  

a n i o n i c  s o u r c e s .   E x a m p l e s   of  c a t i o n i c   v a p o u r   s o u r c e s  

a r e   o r g a n o m e t a l l i c   c o m p o u n d s ,   b o r o h y d r i d e s   and  β -  

d i k e t o n e s .  

C e r t a i n   o r g a n o m e t a l l i c   c o m p o u n d s ,   e s p e c i a l l y  
t h o s e   p o s s e s s i n g   a l k y l   s u b s t i t u e n t s ,   a r e   f r e q u e n t l y  

t h e   o n l y   m a t e r i a l s   w ich   w i l l   r e n d e r   a  p a r t i c u l a r  

c a t i o n   i n t o   a  v o l a t i l e   s t a t e   s u i t a b l e   f o r   r e a c t i o n .  

O r g a n o m e t a l l i c   c o m p o u n d   v a r y   w i d e l y   in   t h e i r   r e a c t i v i t y  

o w i n g   p r i m a r i l y   to  t h e   e l e c t r o n i c   d i s t r i b u t i o n  

a r o u n d   t h e   c e n t r a l   c a t i o n .   W h e r e a s   o r g a n o m e t a l l i c  

c o m p o u n d s   of  s i l i c o n   s u c h   as  t e t r a m e t h y l s i l a n e  

( C H 3 ) 4 S i   a r e   v o l a t i l e ,   a i r   and  m o i s t u r e   s t a b l e ,  

h i g h l y   c o m b u s t i b l e   m a t e r i a l s ,   o t h e r   c o m p o u n d s   s u c h  

as  t r i m e t h y l a l u m i n i u m   A l ( C H 3 ) 3 ,   d i m e t h y l z i n c  

Zn(CH3)2  ,   and  d i m e t h y l b e r y l l i u m   B e ( C H 3 ) 2   a r e  

e l e c t r o n   d e f i c i e n t   and  a r e   t h e r e f o r e   p y r o p h o r i c  
when  e x p o s e d   to   a i r   and  r e a c t   v i g o r o u s l y   w i t h   o x y g e n  
and  w a t e r .   S i m i l a r l y ,   t h e   h i g h l y   r e a c t i v e  

o r g a n o m e t a l l i c   c o m p o u n d s  u n d e r g o   n u m e r o u s   r e a c t i o n s  

w i t h   o t h e r   e l e c t r o n - d o n a t i n g   r e a g e n t s .  

Of  p a r t i c u l a r   i n t e r e s t   f o r   u se   in  t h e   p r e s e n t  

i n v e n t i o n   a r e   t h o s e   r e a c t i o n s   w h i c h   p r o d u c e   t h e   m e t a l  

h a l i d e   f rom  g a s e o u s   h a l o g e n a t i n g   a g e n t s   s u c h   a s  

BF3,  S i F 4 '   COF2,  HF,  HCL,  S i C l 4 ,   BCl3  and  t h e   l i k e .  

F o l l o w i n g   a r e   some  e x e m p l a r y   m e t a t h e s i s   r e a c t i o n s  

w h e r e b y   g a s e o u s   a n d / o r   v a p o r o u s   r e a c t a n t s   may  b e  



d e l i v e r e d   to  t he   r e a c t i o n   z o n e   to  f o rm  s o l i d   m e t a l  

h a l i d e   g l a s s   m a t e r i a l s   and  g a s e o u s   r e a c t i o n   b y - p r o d u c t s :  

O b v i o u s l y ,   t h e   a b o v e   l i s t   i s   i n t e n d e d   to   be  e x e m p l a r y  

of  t h e   n u m b e r o u s   r e a c t i o n s   w h i c h   may  be  e m p l o y e d   to   o b t a i n  

a  m e t a l   h a l i d e   g l a s s   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n .   The  l a t t e r   l i s t e d   e q u a t i o n ,   w h i c h   i s   n o t  

s t o i c h i o m e t r i c a l l y   b a l a n c e d ,   r e p r e s e n t s   a  r e a c t i o n  

w h e r e b y   t h e   c o m b i n a t i o n   of   ZnCl2  and  ZnF2  i s   f o r m e d .  

T h i s   o p t i c a l   g l a s s   m a t e r i a l   i s   d e s c r i b e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   D i s c l o s u r e   5 6 - 2 2 6 5   e n t i t l e d  

" G l a s s   M a t e r i a l   f o r   O p t i c a l   G l a s s   F i b e r " ,   N.  M i t a j i  

e t   a l . ,   f i l e d   A u g u s t   3,  1 9 7 9 .  

A l t h o u g h   g a s e o u s   HF  w o u l d   p r o b a b l y   y i e l d   t h e  

c l e a n e s t   r e a c t i o n   c h e m i s t r y ,   i t s   p r e s e n c e   may  n o t  

be  c o m p a t i b l e   w i t h i n   a  S i 0 2 - b a s e d   g l a s s   t u b e .   M i l d e r  

f l u o r i n a t i n g   a g e n t s   a r e   much  s a f e r   to   u s e   in   t h e  

f o r m a t i o n   of  f l u o r i d e   g l a s s e s .   C o m p o u n d s   of  t h e   o t h e r  

h a l o g e n s   a r e   a l s o   of  i n t e r e s t   in  t h e   p r e s e n t   m e t h o d  

in  o r d e r   to  fo rm  c h l o r i d e ,   b r o m i d e   or  i o d i d e   g l a s s e s .  

I f   r e a c t i o n s   of  t h e   t y p e   f o r m i n g   B2H6  a r e   to   b e  

e m p l o y e d ,   c a r e   s h o u l d   be  t a k e n   due  to  t h e   d a n g e r o u s  

n a t u r e   of  t h e   r e s u l t i n g   c o m p o u n d s .  

V a p o u r s   of  t h e   h a l o g e n a t i n g   a g e n t   a r e   p r e f e r a b l y  

i n t r o d u c e d   b e t w e e n   t h e   i n t e r i o r   w a l l s   of  t u b e   52  and  t h e  



t h e   e x t e r i o r   w a l l   of  t h e   a x i a l l y   l o c a t e d  t u b e   5 0 .  

V a p o u r s   of  t h e   c a t i o n i c   v a p o u r   s o u r c e   w o u l d   be  s u p p l i e d  

v i a   t h e   i n n e r   t u b e   50.  In  t h i s   m a n n e r   a  v a p o r o u s  

c a t i o n i c   s o u r c e ,   e s p e c i a l l y   c e r t a i n   o r g a n o m e t a l l i c  

c o m p o u n d s   w h i c h   w o u l d   be  d e t r i m e n t a l l y   a f f e c t e d   b y  

e x c e s s   h e a t ,   w o u l d   be  t r a n s p o r t e d   to  t h e   r e a c t i o n   z o n e  

a l o n g   a  p a t h   w h i c h   i s   s p a c e d   f rom  t h e   h o t   s u b s t r a t e  

t u b e   w a l l .   I f   t h e   v a p o r o u s   c a t i o n i c   s o u r c e   i s   n o t  

d e t r i m e n t a l l y   a f f e c t e d   by  e x c e s s   h e a t ,   i t  c o u l d  

be  t r a n s p o r t e d   a s ;  d e s c r i b e d   a b o v e ,   or  i t   c o u l d   b e  

t r a n s p o r t e d   in  t h e   a n n u l a r   r e g i o n   b e t w e e n   t u b e s   50  

and  52,  t h e   h a l o g e n a t i n g   a g e n t   t h e n   f l o w i n g   t h r o u g h  
t u b e   50.  The  r e a c t i o n   w i l l   commence   as  soon   as  t h e  

two  s t r e a m s   come  i n t o   c o n t a c t .   The  p a r t i c u l a t e   m a t e r i a l  

t h e n   f l o w s   d o w n s t r e a m   w h e r e   a t   l e a s t   a  p o r t i o n  

t h e r e o f   d e p o s i t s   on  t h e   w a l l   of  t u b e   52  in  a  

c o n v e n t i o n a l   m a n n e r   t o  f o r m   b u i l d u p   4 4 ' .   W h i l e   t h e  

e x a c t   s h a p e   of  t h e   r e g i o n   63  of  p a r t i c u l a t e   m a t e r i a l  

f o r m a t i o n   and  f l o w   is   n o t   known  and  t h e   e x a c t   s h a p e  

of  d e p o s i t   44'  is   n o t   known ,   t h e s e   two  r e g i o n s   h a v e  

been   i l l u s t r a t e d   in  F i g u r e   4  in  a c c o r d a n c e   w i t h   t h e  

g e n e r a l l y   a c c e p t e d   t h e o r y   of  t h e r m o p h o r e s i s   f o r c e  

w h e r e b y   p a r i t u c l a t e   m a t e r i a l   is  f o r c e d   t o w a r d   t h e  

c e n t r e   of  a  t u b e   in  t h e   r e g i o n   of  a  b u r n e r   a n d  

t h e r e a f t e r   f l o w s   f rom  t h e   h o t   s t r e a m   t o w a r d   t h e   c o o l e r  

w a l l   s e c t i o n   of  t h e   t u b e   d o w n s t r e a m  f r o m   t h e   b u r n e r .  

A  l a y e r   48'   of  s i n t e r e d   p a r t i c u l a t e   m a t e r i a l   i s  

f o r m e d   in  t h e   r e g i o n   h e a t e d   by  t h e   e x t e r n a l   b u r n e r .  

S i n c e   t h e   e n t i r e   p r o c e s s   can  be  c o n d u c t e d   in  a  d r y ,  

c l e a n   e n v i r o n m e n t   and  s i n c e   the   p r o d u c t s   t h e m s e l v e s  

a r e   e x p e c t e d   to  be  of  h i g h   p u r i t y ,   i t   s h o u l d   be  p o s s i b l e  

to  d e p o s i t   m u l t i p l e   l a y e r s   of  p u r e ,   o p t i c a l   q u a l i t y ,  

h y d r o x y l - f r e e   m e t a l   h a l i d e   c o r e   g l a s s .  

Some  p e r c e i v e d   a d v a n t a g e s   of  t h e   a p p r o a c h   of  t h e  

p r e s e n t   i n v e n t i o n   a r e   as  f o l l o w s .   I t   s h o u l d   be  p o s s i b l e  



to   fo rm  v e r y   h i g h   p u r i t y   h o m o g e n e o u s  f l u o r i d e   g l a s s .  

C o n t a m i n a n t s   s u c h   as  3d ,   4d  and  5d  t r a n s i t i o n  

e l e m e n t ,   r a r e   e a r t h s   and  h y d r o x y l   i o n s   s h o u l d   b e  

v i r t u a l l y   e l e m i n a t e d   by  d i s t i l l a t i o n   of   t h e   m e t a l  

a l k y l s ,   and  by  d r y i n g   t h e   s t a r t i n g   g a s e s .   N u c l e a t i o n  

s i t e s   f o r   c r y s t a l l i z a t i o n ,   f o r   e x a m p l e ,   d i r t   a r e  

e l i m i n a t e d .   Even  t h o u g h   t o x i c ,   n o n - d u r a b l e   g l a s s e s ,  

s u c h   as  f l u o r i d e   g l a s s e s ,   may  be  e m p l o y e d   as  t h e   c o r e  

m a t e r i a l ,   f i b e r   t o x i c i t y   and   d u r a b i l i t y   p r o b l e m s  

a r e   m i n i m i z e d ,   s i n c e   t h e   o u t e r   c l a d d i n g   o f   t h e   f i b e r  

is   a  d u r a b l e ,   n o n - t o x i c   g l a s s .   O n l y   t h e   f i b e r   e n d s  

e x p o s e   t h e   f l u o r i d e   g l a s s   t o   t h e   e n v i r o n m e n t .   In  t y p i c a l  

a p p l i c a t i o n s   t h e   e n d s   a r e   h e r m e t i c a l l y   s e a l e d   in   s p l i c i n g  

and  c o u p l i n g   d e v i c e s .   T h i s   m i n i m i z e s   t h e   r i s k   o f  

e x p o s u r e   to   p e r s o n n e l   and  s h o u l d   g r e a t l y   e n h a n c e  

s t r e n g t h   c h a r a c t e r i s t i c s .   M o r e o v e r ,   b e c a u s e   of   t h e   l o w  

t e m p e r a t u r e s   a t   w h i c h   r e a c t i o n s   c an   be  c a r r i e d   o u t   a n d  

s i n t e r i n g   and  d r a w i n g   can   be  p e r f o r m e d ,   t h e   a f o r e -  

m e n t i o n e d   d i s a d v a n t a g e s   of  h i g h   t e m p e r a t u r e   o p e r a t i o n s _  

can   be  e l i m i n a t e d .  

B o t h   s i n g l e   mode  and  m u l t i   mode  o p t i c a l   w a v e -  

g u i d e   f i b e r s   can   be  made  by  t h i s   t e c h n i q u e .   B e c a u s e  

of  t h e   g l a s s e s   w h i c h   can   be  f o r m e d   in   a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n ,   e x t r e m e l y   low  l o s s   o p t i c a l  

f i b e r s   f o r   p r o p a g a t i o n   in   t h e   i n f r a r e d   r e g i o n   of  t h e  

s p e c t r u m   can   be  t h e o r e t i c a l l y   f a b r i c a t e d .   S i n c e  

i t   i s   c o n t e m p l a t e d   t h a t   t h e   l i g h t   c o n d u c t i n g   r e g i o n  

of  t h e   o p t i c a l   f i b e r s   may  c o m p r i s e   s u c h   e l e m e n t s   a s  

b e r y l l i u m   and   z i n c ,   t h e s e   f i b e r s   may  e x h i b i t   i m p r o v e d  
r e s i s t a n c e   to   i o n i z i n g   r a d i a t i o n   s i n c e   t h e s e   e l e m e n t s  

h a v e   s l i g h t l y   h i g h e r   i o n i z a t i o n   p o t e n t i a l s   t h a n  

s i l i c o n .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   m a n n e r  

in  w h i c h   o p t i c a l   w a v e g u i d e   f i b e r s   h a v i n g   m e t a l   h a l i d e  

g l a s s   c o r e s   can  be  made  by  low  t e m p e r a t u r e   d e p o s i t i o n  

and  d r a w i n g   p r o c e s s e s .  



E x a m p l e   1 

A  c o m m e r c i a l l y   a v a i l a b l e   a l k a l i   b o r o s i l i c a t e  

g l a s s   s u b s t r a t e   t u b e   52  ( C o r n i n g   Code  7073)  h a v i n g  

a  t h e r m a l   c o e f f i c i e n t   of  e x p a n s i o n   (TCE)  of  a b o u t  

53  x  1 0 - 7 / ° C   is   m o u n t e d   and  r o t a t e d   in   a  g l a s s -  

w o r k i n g   l a t h e .   A  r e a c t a n t   t u b e   50  of  r e f r a c t o r y   m a t e r i a l  

s u c h   as  s i l i c a ,   a l u m i n a ,   p l a t i n u m   or  t h e   l i k e   i s  

m o u n t e d   in  t h e   s u b s t r a t e   t u b e   in  t h e   m a n n e r   d e s c r i b e d  

h e r e i n a b o v e .   R e s e r v o i r   64  c o n t a i n s   BF3,   w h i l e  

r e s e r v o i r s   68  and  66  c o n t a i n   B e ( C H 3 ) 2   and  A l ( C H 3 ) 3 ,  

r e s p e c t i v e l y .   R e s e r v o i r   66  is   a  c o n v e n t i o n a l  

b u b b l e r ,   and  r e s e r v o i r   68  i s   a  v a p o u r   g e n e r a t o r   o f  

t h e   t y p e  t a u g h t   in  U . S .   P a t e n t   No.  3 , 8 0 1 , 2 9 4 .   S i n c e  

t h e   v a p o u r s   f rom  r e s e r v o i r   68  c o n d e n s e   i f   n o t   m a i n t a i n e d  

a t   a  t e m p e r a t u r e   of  a b o u t   170°C  t h e   f e e d   l i n e   f r o m  

r e s e r v o i r   68  and  t h e   e n t i r e   l a t h e   a s s e m b l y   a r e  

s i t u a t e d   in  oven   69  w h i c h   i s   m a i n t a i n e d   a t   190°C .   As  

shown  in  F i g u r e   7  a  b a r r i e r   c l a d d i n g   l a y e r   70  i s  

i n i t i a l l y   f o r m e d   on  t h e   i n n e r   s u r f a c e   of  t u b e   52  b y  

f l o w i n g   r e a c t a n t s   f rom  r e s e r v o i r s   64  and  68  i n t o   t u b e s  

52  and  50,  r e s p e c t i v e l y .   T h e r e   i s   no  f l o w   a t   t h i s  

t i m e   f rom  r e s e r v o i r   66.  The  r e a c t i o n   p r o d u c e s   p u r e  

BeF2  s o o t   w h i c h   d e p o s i t s   on  t h e   i n n e r   s u r f a c e  

of  t u b e   52  and  i s   s i n t e r e d   to   f o r m   l a y e r   70.  T h e  

r e f r a c t i v e   i n d e x   nD  of  t h i s   l a y e r   i s   a b o u t  1 . 2 8   a n d  

t h e   TCE  t h e r e o f   is   a b o u t   67  x  1 0 - 7 / ° C .   The  s i n t e r i n g  

t e m p e r a t u r e ,   i . e . ,   t h e   t e m p e r a t u r e   g e n e r a t e d   a t   t h e  

i n n e r   s u r f a c e   of  t u b e   52  by  b u r n e r   56,   can  b e  

a p p r o x i m a t e l y   5 0 0 ° C .   A f t e r   a  l a y e r   of  s u f f i c i e n t  

t h i c k n e s s   has  been   d e p o s i t e d ,   t h e   f l o w   o f  

r e a c t a n t s   f rom  r e s e r v o i r s   64  and  68  i s   c o n t i n u e d ,  

and  in  a d d i t i o n ,   r e a c t a n t   v a p o u r s   a r e   f l o w e d   f r o m  

r e s e r v o i r   66  in  an  a m o u n t   n e c e s s a r y   to  fo rm  a  c o r e  

g l a s s   l a y e r ,   t h e   c o m p o s i t i o n   of  w h i c h   is  7.5  m o l e  

p e r c e n t   AlF 3"  and  9 2 . 5   mole   p e r c e n t   B e F  .   A f t e r   a  

l a y e r   of  s u f f i c i e n t   t h i c k n e s s   has  been   d e p o s i t e d ,  



t h e   t u b e   50  i s   e x t r a c t e d ,   and  t h e n   t h e   t e m p e r a t u r e   of  t h e  

r e s u l t a n t   t u b u l a r   member   i s   i n c r e a s e d   to   a p p r o x -  

i m a t e l y   8 0 0 ° C ,   t h e r e b y   c a u s i n g   t h e   t u b e   to   c o l l a p s e  

to  f o r m   a  b l a n k   h a v i n g   t h e   c r o s s - s e c t i o n   i l l u s t r a t e d  

in  F i g u r e   8,  w h e r e i n   l a y e r s   c o r r e s p o n d i n g   t o   t h o s e  

of  F i g u r e   7  a r e   r e p r e s e n t e d   by  p r i m e d   r e f e r e n c e  

n u m b e r a l s .   The  c o l l a p s i n g   s t e p   can  be  p e r f o r m e d   b y  

t r a v e r s i n g   t h e   b u r n e r   a t   a  low  s p e e d   a l o n g   t h e   r o -  

t a t i n g   t u b e   52.   D u r i n g   t h i s   o p e r a t i o n   t h e   t e m p e r a t u r e  

w i t h i n   t h e   o v e n   69  s h o u l d   be  m a i n t a i n e d   a t   a b o u t   5 0 0 ° C ,  

t h e   a n n e a l i n g   t e m p e r a t u r e   of  t u b e   52,   to   a v o i d   t h e r m -  

a l l y - i n d u c e d   s t r e s s e s   w h i c h   w o u l d   o t h e r w i s e   c a u s e   t u b e  

b r e a k a g e .   A  m u l t i m o d e   f i b e r   c o u l d   be  d r a w n   f r o m   t h i s  

b l a n k   a t   a  t e m p e r a t u r e   in   t h e   r a n g e   of   8 0 0 ° C .   S i n c e  

t h e   r e f r a c t i v e   i n d e x   nD  of  t h e   c o r e   l a y e r   72  i s   a b o u t  

1 . 3 1 ,   t h e   NA  of   t h e   r e s u l t a n t   f i b e r   s h o u l d   be  a b o u t  

0 . 2 8 .   The  r e f r a c t i v e   i n d e x   p r o f i l e   of  t h e   r e s u l t i n g  

f i b e r   is   i l l u s t r a t e d   in   F i g u r e   9.  S i n c e   t h e   r e f r a c t i v e  

i n d e x   of  t h e   c o r e   l a y e r   and  t h e   b a r r i e r / c l a d   l a y e r  

a r e   l e s s   t h a n   t h a t   of   t h e   s u b s t r a t e   t u b e ,   t h e  

b a r r i e r / c l a d   l a y e r   m u s t   be  s u f f i c i e n t l y   t h i c k   to  p e r m i t  

i t   to   f u n c t i o n   as  t h e   c l a d d i n g   of  t h e   r e s u l t i n g   o p t i c a l  

w a v e g u i d e   f i b e r .  

E x a m p l e   2 

A  s i n g l e   mode  f i b e r   is   f o r m e d   in   a c c o r d a n c e   w i t h  

E x a m p l e  1  e x c e p t   f o r   t h e   f o l l o w i n g   m o d i f i c a t i o n s .   T h e  

f l o w   r a t e s   of  B e ( C H 3 ) 2   and  A l ( C H 3 ) 3   a r e   a d j u s t e d   t o  

f o r m   a  c o r e   of   1  m o l e   p e r c e n t   AlF3  and  99  m o l e  

p e r c e n t   B e F 2 ,   t h e   c l a d d i n g   l a y e r   a g a i n   c o m p r i s i n g  

p u r e   BeF2.   The  c o r e   and  b a r r i e r / c l a d d i n g   l a y e r s  

a r e   d e p o s i t e d   in   s u c h   t h i c k n e s s e s   t h a t   in   t h e  

r e s u l t i n g   f i b e r   t h e   c o r e   d i a m e t e r   i s   10  pm,  and  t h e  

v a p o u r   d e p o s i t e d   b a r r i e r   c l a d d i n g   t h i c k n e s s   is   30  pm 
w h i l e   t h e   s u b s t r a t e   t u b e   o u t e r   c l a d d i n g   t h i c k n e s s   i s  

2 7 . 5   µm.  The  c o r e   r e f r a c t i v e   i n d e x   n   i s   1 . 2 8 5 .   T h u s ,  



t h e   NA  is   a b o u t   0 . 1 1 ,   and  t h e   c u t o f f   w a v e l e n g t h  
is   8 0 0 n m .  

E x a m p l e   3 

A  s o d a - l i m e   s i l i c a t e   g l a s s   t u b e ,   s u c h   as  C o r n i n g  

Code  0080  g l a s s ,   h a v i n g   a  TCE  of  a b o u t   100  x  1 0 - 7 / ° C   i s  

e m p l o y e d   as  t h e   s u b s t r a t e   t u b e .   R e s e r v o i r   64  c o n t a i n s  

BF3,   and  r e s e r v o i r s   66  and  68  c o n t a i n   P b ( C H 3 ) 4   a n d  

A l ( C H 3 ) 3 ,   r e s p e c t i v e l y .   B o t h   of  r e s e r v o i r s   66  and  68  

a r e   b u b b l e r s   s i n c e   t h e   r e a c t a n t s   d i s p o s e d   t h e r e i n   a r e  

l i q u i d s . '   To  fo rm  t h e   b a r r i e r   c l a d   l a y e r ,   t h e   f l o w  

of  r e a c t a n t s   f rom  r e s e r v o i r s   66  and  68  is   c o n t r o l l e d  

s u c h   t h a t ,   when  t h e s e   r e a c t a n t s   r e a c t   w i t h   BF3 
a  b a r r i e r   c l a d   l a y e r   h a v i n g   a  c o m p o s i t i o n   of  50  m o l e  

p e r c e n t   PbF2  and  50  mole   p e r c e n t   AIF3  is   f o r m e d .  

T h e r e a f t e r ,   t h e   f l o w   of  v a p o u r s   f r o m   r e s e r v o i r s   66  a n d  

68  i s   m o d i f i e d   so  t h a t   a  c o r e   l a y e r   h a v i n g   a  c o m p o s i t i o n  

of  70  mole   p e r c e n t   PbF2  and  30  mole   p e r c e n t   A 1 F 3 .  
The  a v e r a g e   TCE  of  t he   d e p o s i t e d   c o r e   and  c l a d d i n g  

g l a s s e s   i s   a b o u t   130  x  1 0  7 / ° C .   The  s i n t e r i n g   s t e p  

can  be  p e r f o r m e d   a t   a  t e m p e r a t u r e   of  a b o u t   5 0 0 ° C .  

The  t u b e   c o l l a p s e   t e m p e r a t u r e   and  f i b e r   d r aw  t e m p e r -  

a t u r e   s h o u l d   be  a b o u t   7 0 0 ° C .   S i n c e   t h e   r e a c t i v e   i n d i c e s  

of  t he   c o r e   and  b a r r i e r   c l a d   g l a s s e s   a r e   a b o u t   1 . 7 1   a n d  

1 . 6 6 ,   r e s p e c t i v e l y ,   t h e   NA  of  t h e   r e s u l t a n t   f i b e r   s h o u l d  

be  a b o u t   0 . 5 .  

E x a m p l e   4 

T h i s   e x a m p l e   s e t s   f o r t h   a  m e t h o d   w h i c h   c o u l d  

be  e m p l o y e d   to   fo rm  a  f i b e r   h a v i n g   a  p r e d o m i n a n t l y  

ZnCl2  c o r e .   A  g l a s s   c o m p r i s i n g   ZnCl2  and  B i C l 3  c o u l d  
be  e m p l o y e d   as  t he   c o r e   l a y e r   s i n c e   t h e   r e f r a c t i v e   i n d e x  

t h e r e o f   i s   h i g h e r   t h a n   t h a t   of  Z n C l 2 ,   w h i c h   i s   a b o u t  

1 . 7 .   S i n c e   t he   TCE  of  ZnCl2  is  a b o u t   280  x  1 0 - 7 / ° C ,   a  h i g h  

e x p a n s i o n   s u b s t r a t e   t u b e   s h o u l d   be  e m p l o y e d .   A  s u i t a b l e  

g l a s s   f o r   t h i s   p u r p o s e   i s   one  h a v i n g   t h e   c o m p o s i t i o n ,  

30  mole   p e r c e n t   SnF2,   34  mo le   p e r c e n t   S n O ,  3   m o l e  



p e r c e n t   PbF2  and  30  mole   p e r c e n t   P 2 0 5 ,   w h i c h   h a s  

an  e x p a n s i o n   c o e f f i c i e n t   of  a b o u t   270  x  1 0  / ° C .  

T h i s   f l u o r o p h o s p h a t e   g l a s s   is   d e s c r i b e d   in  U . S .  

P a t e n t   No.  4 , 3 1 4 , 0 3 1   e n t i t l e d ,   " T i n - P h o s p h o r o u s  

O x y f l u o r i d e   G l a s s e s "   f i l e d   J u n e   17,   1980  in  t h e   n a m e  

of  C.M.  S a n f o r d   e t   a l .   R e s e r v o i r   64  w o u l d   c o n t a i n  

HC1  and  r e s e r v o i r s   66  and  68  w o u l d   c o n t a i n   Z n ( C 2 H 5 ) 2  
and  B i ( C H 3 ) 3 ,   r e s p e c t i v e l y .   S i n c e   a l l   of  t h e s e   r e a c t a n t  

s o u r c e s   a r e   l i q u i d s ,   r e s e r v o i r s   64,   66  and  68  a r e  

b u b b l e r s   or   o t h e r   s u i t a b l e   c o n t a i n e r s   f o r   l i q u i d s .  

A  b a r r i e r   c l a d   l a y e r   c o u l d   be  f o r m e d   by  f l o w i n g  

s u i t a b l e   a m o u n t s   of  v a p o u r s   f r o m   r e s e r v o i r s   64  a n d  

66.  The  s i n t e r i n g   t e m p e r a t u r e   w o u l d   be  a p p r o x i m a t e l y  

1 7 5 ° C .   A f t e r   a  b a r r i e r   c l a d   l a y e r   of  s u f f i c i e n t  

t h i c k n e s s   i s   d e p o s i t e d ,   t h e   f l o w   of  v a p o u r s   f r o m  

r e s e r v o i r   68  i s   i n i t i a t e d ,   and  t h e   v a p o u r s   f r o m  

r e s e r v o i r s   64,   66  and  68  w o u l d   r e a c t   to  f o r m  t h e  

Z n C l 2 - B i C l 3  c o r e   l a y e r .   The  t u b e   c o l l a p s e  

t e m p e r a t u r e   and  t h e   f i b e r   d r a w   t e m p e r a t u r e   is   a b o u t  

2 7 5 ° C .  

W h e r e a s   t h e   above   d e s c r i p t i o n   and  e x m a p l e s   h a v e  

b e e n   s p e c i f i c a l l y   d i r e c t e d   to   t h e   d e p o s i t i o n   of  g l a s s  

l a y e r s   on  t h e   i n n e r   s u r f a c e   of  a  s u b s t r a t e   t u b e ,   i t  

i s   n o t   i n t e n d e d   t h a t   t h e   p r e s e n t   i n v e n t i o n   be  l i m i t e d  

to  s u c h   an  a p p a r a t u s   and  m e t h o d .   I n d e e d ,   i t   is   a l s o  

a p p l i c a b l e   to   t h e   o u t s i d e   v a p o u r   d e p o s i t i o n   (OVD) 

t e c h n i q u e   and  t h e   a x i a l   v a p o u r   d e p o s i t i o n   (AVD) 

t e c h n i q u e ,   f o r   e x a m p l e .   E x a m p l e s   of  t h e   OVD 

t e c h n i q u e   a r e   d i s c l o s e d   in  U . S .   P a t e n t s   Nos  3 , 7 3 7 , 2 9 2  

and  3 , 8 2 3 , 9 9 5 .   E x a m p l e s   of  AVD  t e c h n i q u e s   a r e  

t a u g h t   in  U .S .   P a t e n t s   Nos  3 , 9 5 7 ,  4 7 4  ;   4 , 0 6 2 , 6 6 5 ;  

4 , 2 2 4 , 0 4 6   and  4 , 2 3 1 , 7 7 4 .  

F i g u r e   10  i l l u s t r a t e s   an  a p p a r a t u s   w h i c h   c a n  

be  e m p l o y e d   to  fo rm  an  o p t i c a l   f i b e r   p r e f o r m   by  a n  

OVD  t e c h n i q u e .   A  m a n d r e l   78  r o t a t e s   and  t r a n s l a t e s  



back   and  f o r t h   in  a  v e s s e l   80  as  i l l u s t r a t e d   by  t h e   a r r o w s .  

Dry  i n e r t   gas   s u c h   as  Ar ,   N  and  He  is   fed   i n t o   v e s s e l  

80  t h r o u g h   c o n d u i t   81  and  is   e x h a u s t e d   t h e r e f r o m  

t h r o u g h   c o n d u i t   82.  The  i n e r t   gas  e n s u r e s   a  d r y ,  

o x y g e n - f r e e   a t m o s p h e r e   w i t h i n   t h e   v e s s e l .   A  g e n e r a t o r  
83  d i r e c t s   a  s t r e a m   84  of  p a r t i c u l a t e   m a t e r i a l  

t o w a r d   m a n d r e l   78  w h e r e   a  d e p o s i t   is   f o r m e d .   F l a m e -  

l e s s   h e a t i n g   means   s u c h   as  r e s i s t a n c e   h e a t e r   86  i n c r e a s e s  

t h e   t e m p e r a t u r e   of  t h e   d e p o s i t   so  t h a t   p a r t i c u l a t e  

m a t e r i a l   .84  i m p i n g i n g   u p o n   t h e   d e p o s i t   w i l l   a d h e r e  

t h e r e t o .   The  r e s u l t i n g   p o r o u s   p r e f o r m   85  can   be  p u l l e d  
f rom  m a n d r e l   78  and  t h e n   c o n s o l i d a t e d   in  e i t h e r   v e s s e l  

80  or  an  a t t a c h e d   e n v i r o n m e n t a l   c h a m b e r .   T h e r e a f t e r ,  

t h e   c o n s o l i d a t e d   b l a n k   c an   be  d r a w n   i n t o   an  o p t i c a l  

f i b e r   in  a  c o n v e n t i o n a l   m a n n e r .  

P a r t i c u l a t e   g e n e r a t o r   83  can   be  a  s i m p l e  

c o a x i a l   v a p o u r   f e e d   s o u r c e   of  t h e   t y p e   i l l u s t r a t e d  

in  F i g u r e   11.  I t   c o u l d   s i m p l y   c o n s i s t   of  c o n c e n t r i c  

t u b e s   89  and  90.  R e a c t a n t s   A  and  B  d e s c r i b e d   a b o v e  

c o u l d   be  f ed   i n t o   t u b e s   89  and  90,   r e s p e c t i v e l y .  

When  t h e   two  r e a c t a n t s   c o m b i n e . a t   t h e   o u t p u t   end  o f  

t h e   t u b e s ,   t h e y   s p o n t a n e o u s l y   r e a c t   to  fo rm  a  s t r e a m  

of  p a r t i c u l a t e   m a t e r i a l .  

In  t h e   e m b o d i m e n t   of  F i g u r e   12  a  v e s s e l   91  i s  

s u p p l i e d   w i t h   d r y ,   i n e r t   gas   t h r o u g h   c o n d u i t   9 2 ,  

t h e   gas   b e i n g   e x h a u s t e d   t h r o u g h   c o n d u i t   93  a l o n g   w i t h  

any  g a s e o u s   b y - p r o d u c t s   w h i c h   a r e   f o r m e d   in  v e s s e l   9 1  

d u r i n g   f o r m a t i o n   of  m e t a l   h a l i d e   p a r t i c u l a t e   m a t e r i a l .  

A  m a n d r e l   94  r o t a t e s   and  t r a n s l a t e s   u p w a r d   as  i n d i c a t e d  

by  t h e   a r r o w s .   The  m a n d r e l   has   an  e n l a r g e d   end  p o r t i o n  

on  w h i c h   a  p r e f o r m   95  i s   f o r m e d   by  a x i a l   d e p o s i t i o n  

of  p a r t i c u l a t e   m a t e r i a l   f r o m   g e n e r a t o r   96.  As  t h e  

l e n g t h   of  p r e f o r m   95  i n c r e a s e s ,   t h e   m a n d r e l   moves   a w a y  

f rom  g e n e r a t o r   96  to  m a i n t a i n   a  c o n s t a n t   d i s t a n c e  

b e t w e e n   t h e   p r e f o r m   and  g e n e r a t o r   96.  T h e r m a l   e n e r g y  



may  be  s u p p l i e d   by  a  r e s i s t a n c e   h e a t e r   97  f o r   t h e   p u r p o s e  

of  c a u s i n g   t h e   p a r t i c l e s   to   a d h e r e   to   t h e   p r e f o r m  

or  f o r   c a u s i n g   t h e   p a r t i c l e s   a c t u a l l y   to  s i n t e r   a n d  

fo rm  a  p r e f o r m   of  c o n s o l i d a t e d   g l a s s .  

A  l a y e r   of  c l a d d i n g   m a t e r i a l   can   be  d e p o s i t e d  

on  t h e   i n i t i a l l y   f o r m e d   p o r t i o n   of  t h e   p r e f o r m   b y  

u t i l i z i n g   one   or  more   a d d i t i o n a l   p a r t i c u l a t e   m a t e r i a l  

g e n e r a t o r s   98.   A n o t h e r   r e s i s t a n c e   h e a t e r   99,  m a y  
be  e m p l o y e d   to   c a u s e   t h e   d e p o s i t e d   p a r t i c u l a t e   m a t e r i a l  

f rom  g e n e r a t o r   98  e i t h e r   to   a d h e r e   to   t h e   p r e f o r m  

or  to   be  c o m p l e t e l y   c o n s o l i d a t e d   t h e r e o n .  



1.  A  m e t h o d   of  f o r m i n g   an  o p t i c a l   f i b e r   c o m p r i s i n g  

f o r m i n g   g l a s s   p r e c u r s o r   p a r t i c u l a t e   m a t e r i a l  b y   r e a c t i n g  

a t   l e a s t   two  r e a c t a n t s   in  a  r e a c t i o n   zone   to  f o r m  

a  s u s p e n s i o n   of  p a r t i c u l a t e   r e a c t i o n   p r o d u c t ,   d e p o s i t i n g  

t he   p a r t i c u l a t e   r e a c t i o n   p r o d u c t   on  a  s u b s t r a t e   to  y i e l d  

an  o p t i c a l   f i b e r   p r e f o r m ,   and  d r a w i n g   t h e   o p t i c a l   f i b e r  

p r e f o r m   i n t o   an  o p t i c a l   f i b e r ,   c h a r a c t e r i z e d   in   t h a t   t h e   a t  

l e a s t   t w o - r e a c t a n t s   a r e   m a i n t a i n e d   s e p a r a t e   u n t i l   t h e y   r e a c h  

t he   r e a c t i o n   zone   a d j a c e n t   to   t h e   s u b s t r a t e .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t he   r e a c t i o n  

p r o d u c t   is   a  m e t a l   h a l i d e ,   one  of  t h e   g l a s s - f o r m i n g  

r e a c t a n t s   b e i n g   a  c o m p o u n d   c o n t a i n i n g   a  c a t i o n   of  t h e  

r e s u l t i n g   m e t a l   h a l i d e   and  an  a n i o n i c   s u b s t i t u e n t  

w h i c h   r e n d e r s   t h e   c o m p o u n d   i n t o   a  v o l a t i l e   s t a t e ,   a n o t h e r  

of  t h e   r e a c t a n t s   c o m p r i s i n g   a  h a l o g e n a t i n g   a g e n t .  

3.  A  m e t h o d - a c c o r d i n g   to   c l a i m   2  w h e r e i n   one  o f  

t he   s a i d   r e a c t a n t s   is   an  o r g a n o m e t a l l i c   c o m p o u n d .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   t h e   m e t h o d  

i n c l u d e s   t h e   s t e p   of  f u s i n g   t h e - d e p o s i t   of  p a r t i c u l a t e  

m a t e r i a l   w h i l e   t he   p a r t i c u l a t e   r e a c t i o n   p r o d u c t   is  b e i n g  

d e p o s i t e d   to   f o rm  a  c o n t i n u o u s   g l a s s y   d e p o s i t .  

5.  A  m e t h o d   of  m a n u f a c t u r i n g   an  o p t i c a l   d e v i c e ,   w h i c h  

i n c l u d e s   t h e   s t e p   of  f l o w i n g   v a p o u r s   of  a t   l e a s t   two  g l a s s -  

f o r m i n g   r e a c t a n t s   i n t o   a  h o l l o w ,   c y l i n d r i c a l   g l a s s  

s u b s t r a t e   w h e r e   t h e y   r e a c t   to   fo rm  a  s u s p e n s i o n   o f  

p a r t i c u l a t e   r e a c t i o n   p r o d u c t   m a t e r i a l   w h i c h   t r a v e l s  

d o w n s t r e a m   w h e r e   a t   l e a s t   a  p o r t i o n   t h e r e o f   comes  t o  

r e s t   on  t he   i n n e r   s u r f a c e   of  s a i d   s u b s t r a t e   to   fo rm  a  

d e p o s i t   t h e r e o n ,   c h a r a c t e r i s e d   in  t h a t   t h e   a t   l e a s t  

two  r e a c t a n t s   a r e   m a i n t a i n e d   s e p a r a t e   u n t i l   t h e y   r e a c h  

the   r e g i o n   of  t h e   s u b s t r a t e   w h e r e i n   t he   r e a c t i o n   p r o d u c t  

is  p r o d u c e d .  

6.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5,  w h e r e i n   t h e   s t e p  



of  f l o w i n g   c o m p r i s e s   i n t r o d u c i n g   t u b u l a r   means   i n t o   t h e  

s u b s t r a t e ,   one  of  t h e   r e a c t a n t s   f l o w i n g   t h r o u g h   t h e  

t u b u l a r   m e a n s .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5,  w h e r e i n   t h e  

r e a c t i o n   p r o d u c t   i s   a  m e t a l   h a l i d e ,   one   of  t h e   g l a s s -  

f o r m i n g   r e a c t a n t s   b e i n g   a  c o m p o u n d   c o n t a i n i n g   a  c a t i o n  

of  t he   r e s u l t i n g   m e t a l   h a l i d e   and  an  a n i o n i c   s u b s t i t u e n t  

w h i c h   r e n d e r s   t h e   c o m p o u n d   i n t o   a  v o l a t i l e   s t a t e ,   a n o t h e r  

of  t h e   r e a c t a n t s   c o m p r i s i n g   a  h a l o g e n a t i n g   a g e n t .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m   7,  w h e r e i n   one  o f  

t he   r e a c t a n t s   i s   an  o r g a n o m e t a l l i c   c o m p o u n d .  

9.  A  m e t h o d   a c c o r d i n g   to   c l a i m   7,  w h e r e i n   t h e  

m e t h o d   i n c l u d e s   t h e   s t e p   of   f u s i n g   t h e   d e p o s i t   o f  

p a r t i c u l a t e   m a t e r i a l   to   f o r m   a  c o n t i n u o u s   g l a s s y   d e p o s i t  

on  t he   i n n e r   s u r f a c e   of   t h e   s u b s t r a t e ,   t h e   m e t h o d   f u r t h e r  

c o m p r i s i n g   t h e   s t e p   of  h e a t i n g   t h e   s u b s t r a t e   to  a  

t e m p e r a t u r e   s u f f i c i e n t l y   h i g h   to  c l o s e   t h e   a p e r t u r e  

t h e r e i n ,   t h e r e b y   f o r m i n g   a  p r e f o r m .  

10.  A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  f u r t h e r   c o m p r i s i n g  

t h e   s t e p s   of  h e a t i n g   t h e   p r e f o r m   to  t h e   d r a w i n g   t e m p -  

e r a t u r e   of  t h e   m a t e r i a l s   t h e r e o f   and  d r a w i n g   t h e   p r e f o r m  

to  fo rm  an  o p t i c a l   w a v e g u i d e   f i b e r .  

11.  A  m e t h o d   a c c o r d i n g   to   c l a i m   7,  f u r t h e r   c o m p r i s i n g  

t he   s t e p   of  h e a t i n g   t h e   s u b s t r a t e   to   t h e   d r a w i n g   t e m p -  

e r a t u r e   t h e r e o f   and  d r a w i n g   t h e   p r e f o r m   w h i l e   s i m u l t a n e o u s l y  

f u s i n g   t h e   d e p o s i t   o f   p a r t i c u l a t e   m a t e r i a l   and  c l o s i n g  

t h e   a p e r t u r e   w i t h i n   t h e   s u b s t r a t e   to  f o r m   an  o p t i c a l  

w a v e g u i d e   f i b e r .  

12.  A  m e t h o d   of  m a n u f a c t u r i n g   an  o p t i c a l   w a v e g u i d e  

p r e f o r m   w h i c h   i n c l u d e s   t h e   s t e p s   of  f l o w i n g   i n t o   a  f i r s t  

t u b e   a t   l e a s t   two  r e a c t a n t s   w h i c h   r e a c t   to  f o r m  

p a r t i c u l a t e   m a t e r i a l ,   a t   l e a s t   a  p o r t i o n   of  w h i c h   f o r m  

a  d e p o s i t   on  t h e   i n n e r   s u r f a c e   of  t h e   f i r s t   t u b e ,   a n d  

m o v i n g   a  h e a t  s o u r c e   a l o n g   t h e   o u t s i d e   of  t h e   f i r s t   t u b e  

to  s i n t e r   t h e   d e p o s i t   of  p a r t i c u l a t e   m a t e r i a l   and  f o r m  



a  g l a s s   l a y e r ,   t h e   i m p r o v e m e n t   w h i c h   c o m p r i s e s   m o v i n g  

t u b u l a r   means   w i t h i n   t h e   f i r s t   t u b e   w h i l e   m a i n t a i n i n g  

t he   end  of  t h e   t u b u l a r   m e a n s ,   w h i c h   i s   w i t h i n   t h e   f i r s t  

t u b e ,   in  f i x e d   s p a c e d   r e l a t i o n   to  t h e   h e a t   s o u r c e ,   a n d  

p a s s i n g   one  of  t h e   r e a c t a n t s   t h r o u g h   t h e   t u b u l a r  

m e a n s ,   w h e r e b y   t h e   r e a c t a n t s   r e m a i n   s e p a r a t e d   u n t i l  

t h e y   become   m i x e d   d o w n s t r e a m   f rom  t h e   end  of  t h e   t u b u l a r  

m e a n s .  

13.  A  m e t h o d   of  m a n u f a c t u r i n g   an  o p t i c a l   w a v e g u i d e  

f i b e r   p r e f o r m ,   t h e   m e t h o d   i n c l u d i n g   t h e   s t e p s   of  f l o w i n g  

v a p o u r s   of  a t   l e a s t   two  g l a s s - f o r m i n g   r e a c t a n t s   i n t o  

a  r e a c t i o n   zone   w i t h i n   a  h o l l o w   c y l i n d r i c a l   g l a s s  

s u b s t r a t e   to   fo rm  m e t a l   h a l i d e   p a r t i c u l a t e   m a t e r i a l ,   a t  

l e a s t   a  p o r t i o n   of  w h i c h   comes  to  r e s t   on  t h e   i n n e r  

s u r f a c e   of  t h e   s u b s t r a t e   to  fo rm  a  d e p o s i t   t h e r e o n ,   a n d  

m o v i n g   t h e   r e a c t i o n   zone   a l o n g   t h e   l e n g t h   of  t h e  

s u b s t r a t e ,   c h a r a c t e r i z e d   in  t h a t   t h e   s t e p   of   f l o w i n g  

c o m p r i s e s   f l o w i n g   t h r o u g h   a  f i r s t   p a t h   v a p o u r s   of  a  

f i r s t   c o m p o u n d   w h i c h   c o m p r i s e s   a  c a t i o n   of  t h e   m e t a l  

h a l i d e   and  an  a n i o n i c   s u b s t i t u e n t   of  t h e   c a t i o n   w h i c h  

r e n d e r s   t h e   c o m p o u n d   i n t o   a  v o l a t i l e   s t a t e ,   a n d  

f l o w i n g   t h r o u g h   a  s e c o n d   f i r s t   p a t h   v a p o u r s   of  a  h a l o -  

g e n a t i n g   a g e n t .  
14.  An  a p p a r a t u s   f o r   m a n u f a c t u r i n g   f r o m   a  h o l l o w ,  

c y l i n d r i c a l   s u b s t r a t e   a  p r e f o r m   w h i c h   i s   i n t e n d e d   to   b e  

s u b s e q u e n t l y   d r awn   i n t o   an  o p t i c a l   f i b e r ,   t h e   a p p a r a t u s  

c o m p r i s i n g   means   f o r   r o t a t a b l y   s u p p o r t i n g   t h e   s u b s t r a t e ,  

means   f o r   i n t r o d u c i n g   i n t o   a  r e a c t i o n   zone   in   t h e  

s u b s t r a t e   a  v a p o u r   m i x t u r e   i n c l u d i n g   a t   l e a s t   two  g l a s s -  

f o r m i n g   r e a c t a n t s ,   t h e   v a p o u r   m i x t u r e   b e i n g   c a p a b l e   o f  

r e a c t i n g   w i t h i n   t he   s u b s t r a t e   to   f o r m   a  s u s p e n s i o n   o f  

p a r t i c u l a t e   m a t e r i a l   w h i c h   t r a v e l s   d o w n s t r e a m   w h e r e   a t  

l e a s t   a  p o r t i o n   t h e r e o f   comes  to  r e s t   to   f o r m   a  d e p o s i t  

on  t h e   i n n e r   s u r f a c e   of  t he   s u b s t r a t e ,   t h e   i m p r o v e m e n t  

c o m p r i s i n g   means   f o r   p r e v e n t i n g   t he   m i x i n g   of   the   t w o  

r e a c t a n t s   u n t i l   t h e y   r e a c h   the   r e a c t i o n   z o n e .  



15.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   14,   w h e r e i n   t h e  

a p p a r a t u s   f u r t h e r   c o m p r i s e s   means   f o r   h e a t i n g   an  a x i a l  

s e c t i o n   of   t h e   s u b s t r a t e   so  t h a t   t h e   t e m p e r a t u r e   i s  

s u b s t a n t i a l l y   u n i f o r m   a r o u n d   a  c i r c u m f e r e n t i a l   s e c t i o n  

t h e r e t o ,  t h e r e b y   f o r m i n g   a  h o t   zone   w i t h i n   t h e   s u b s t r a t e ,  

and  means   f o r   m o v i n g   t h e   h e a t i n g   means   l o n g i t u d i n a l l y  

w i t h   r e s p e c t   to   t he   s u b s t r a t e ,   t h e   means   f o r   p r e v e n t i n g  

c o m p r i s i n g   t u b u l a r   means   s i t u a t e d   w i t h i n   t h e   s u b s t r a t e  

f o r   d e l i v e r i n g   a t   l e a s t   one   of   s a i d   r e a c t a n t s   to   t h e  

r e a c t i o n   z o n e .  

16.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   l 5 , : f u r t h e r  

c o m p r i s i n g   means   f o r   m a i n t a i n i n g   a  f i x e d   d i s t a n c e   b e t w e e n  

t he   h e a t i n g   means   and  t h e   end   of  t h e   t u b u l a r   m e a n s   w h i c h  

is  s i t u a t e d   w i t h i n   t h e   s u b s t r a t e .  

1 7 .  A n   a p p a r a t u s   a c c o r d i n g   to   c l a i m   16,   w h e r e i n   t h e  

t u b u l a r   m e a n s   c o m p r i s e s   a  t u b e   d i s p o s e d   in   t h e   f i r s t  

end  of   t h e   c y l i n d r i c a l   s u b s t r a t e ,   an  end  of   t h e   t u b e  

t e r m i n a t i n g   w i t h i n   t h e   s u b s t r a t e ,   one  of   t h e   r e a c t a n t s  

f l o w i n g   t h r o u g h  t h e   t u b e   i n t o   t h e   r e a c t i o n   z o n e ,   and  t h e  

o t h e r   of  t h e   r e a c t a n t s   f l o w i n g   to   t h e   r e a c t i o n   zone   t h r o u g h  

the   a n n u l a r   c h a n n e l   b e t w e e n   t h e   t u b e   and  t h e   s u b s t r a t e .  

18.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   16,   w h e r e i n   t h e  

t u b u l a r   m e a n s   c o m p r i s e s   a t   l e a s t   two  c o n c e n t r i c   t u b e s  

d i s p o s e d   i n   t h e   f i r s t   end  o f   t h e   c y l i n d r i c a l   s u b s t r a t e ,  

t he   e n d s   o f   t h e   t u b e s   t e r m i n a t i n g   w i t h i n   t h e   s u b s t r a t e ,  

one  of   t h e   r e a c t a n t s   f l o w i n g   t h r o u g h   t h e   c e n t r a l l y  

l o c a t e d   t u b e   i n t o   t he   r e a c t i o n   z o n e ,   and  t h e   o t h e r   of  t h e  

r e a c t a n t s   f l o w i n g   to  t h e   r e a c t i o n   zone   t h r o u g h   t h e  

a n n u l a r   c h a n n e l   b e t w e e n   t h e   c e n t r a l l y   l o c a t e d   t u b e   a n d  

t he   t u b e   s u r r o u n d i n g   t h e   c e n t r a l l y   l o c a t e d   t u b e .  

19.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   16  w h e r e i n   t h e  

t u b u l a r   m e a n s   c o m p r i s e s   a t   l e a s t   two  t u b e s   d i s p o s e d  

s i d e - b y - s i d e   in  t he   f i r s t   end  of  t h e   c y l i n d r i c a l  

s u b s t r a t e   an  end  of  e a c h   of   t h e   t u b e s   t e r m i n a t i n g   w i t h i n  

the   s u b s t r a t e ,   one  of  t h e   r e a c t a n t s   f l o w i n g   t h r o u g h   a  

f i r s t   of  t h e   t u b e s   i n t o   t h e   r e a c t i o n   z o n e ,   and   t h e   o t h e r  



of  t he   r e a c t a n t s   f l o w i n g   to  t h e   r e a c t i o n   zone   t h r o u g h  

a n o t h e r   of  t h e   t u b e s .  
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